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POWER SUPPLY SYSTEM FOR LIQUID CRYSTAL 
MONITORS 

[0001] The present invention refers to a power supply 
system for liquid crystal monitors. 

[0002] The more and more Widespread use of liquid 
crystal (LCD) screens (monitors) in many applications, eg 
Personal Computers (PCs), measure instruments, bank 
counter terminals (Bancomat), information terminals in sta 
tions, airports, TVs, has rapidly caused the need to display 
alphanumeric characters and images extremely clearly With 
any kind of light (either natural or arti?cial) and, conse 
quently, to generate adequate high intensity light. 

[0003] At present, the use of cold cathode ?uorescent 
lamps (CCFLs) and/or EEFL lamps is the most Widely used 
solution for such applications. 

[0004] HoWever, the poWer supply systems convention 
ally used for such applications utiliZe resonant converters 
Which are magnetically coupled With each ?uorescent lamp 
by means of conventional transformers or central tap trans 
formers and these technical solutions require high voltage 
capacitive elements (ballast circuits) to be series connected 
With each lamp. 

[0005] The aim thereof is to compensate the lamp equiva 
lent negative impedance and to avoid the potential drop 
created from the lamp striking to the operation static con 
dition of said lamp, once it has been lit. 

[0006] Moreover, in such applications it is normally nec 
essary to use one inverter for each lamp (at least With CCFL 
lamps). 
[0007] From the above it is clearly understandable that 
large monitors With high lighting poWer (such as those used 
With full atmospheric light) need an extremely large number 
of converters (such screens may need up to 15 or 20 
converters), thus increasing the circuit complexity, the moni 
tor overall dimensions, as Well as production and operation 
costs and extremely compromising the general reliability of 
the system. 

[0008] Therefore, an object of the present invention is to 
provide a poWer supply system for liquid crystal monitors 
Which, in general, obviates the above mentioned draWbacks 
and, in particular, reduces the components and the complex 
ity of conventional poWer supply systems, particularly When 
they are used for large monitors With high intensity lighting 
poWer. 

[0009] Another object of the present invention is to pro 
vide a poWer supply system for liquid crystal monitors 
Which is particularly efficient and, above all, reliable With 
respect to the use of a single transformer and Which permits 
to limit at the most the overall dimensions of the Wiring 
harness and to pilot the poWer drive circuit remotely. 

[0010] A further object of the invention is to provide a 
poWer supply system for liquid crystal monitors With 
reduced costs relative to conventional systems. 

[0011] These objects are provided by means of a poWer 
supply system for liquid crystal monitors according to claim 
1, Which is referred to for the sake of brevity. 

[0012] Further objects and advantages of the present 
invention Will become clear from the folloWing description 
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and from the accompanying schematic draWings, given by 
Way of non limiting example, in Which: 

[0013] FIG. 1 schematically shoWs a ?rst embodiment of 
a pilot circuit for liquid crystal monitors Which can be used 
in the poWer supply system of the present invention; 

[0014] FIG. 2 is a block diagram of the poWer supply 
system for liquid crystal monitors based on the pilot circuit 
of FIG. 1, according to the present invention; 

[0015] FIG. 3 is an improved block diagram of the poWer 
supply system of FIG. 2; 

[0016] FIG. 4 is a block diagram of another embodiment 
of the poWer supply system for liquid crystal monitors based 
on the pilot circuit of FIG. 2, according to the present 
invention; 
[0017] FIG. 5 is a Cartesian graph shoWing the time 
variations of some magnitudes relating to the system 
inverter, said variations being measured on a prototype of 
the poWer supply system of FIG. 4, according to the 
invention. 

[0018] FIG. 1 shoWs a full-bridge poWer stage With a 
push-pull square Wave output to be used in a ?rst exemplary 
limiting embodiment of a poWer supply system for a plu 
rality of CCFL and/or EEFL ?uorescent lamps utiliZed in 
liquid crystal monitors With high lighting poWer. 

[0019] Such an arrangement permits to pilot a plurality of 
pairs of pieZoelectric transformers PT1, PT2 and PTN, 
PT2N With the primary Windings of the series connected or 
parallel connected transformers to double the available 
poWer and to provide balanced voltage relative to the ground 
T from the (secondary) side of the ?uorescent lamps L1, LN 
(one lamp for each pair of transformers PT1, PT2; PTN, 
PT2N) to reduce the brightness variation on the tube of the 
lamps L1, LN caused by the stray capacities (knoWn as 
thermometer effect). 

[0020] The pieZoelectric transformers may be Rosen 
transformers, Which are characteriZed by high voltage gain, 
With rated load and natural resonance frequency, typical 
operating frequency of about 50-60 kHZ, good conversion 
ef?ciency and possibility to pilot the lamps L1, LN directly 
to the secondary, Without using capacitive ballasts, as the 
lighting of the lamps L1, LN, Which requires considerable 
initial overvoltage, is automatically performed Without any 
frequency or amplitude modulation of the input voltage; in 
some preferred, non restrictive embodiments of the inven 
tion it is possible to use, in particular, the pieZoelectric 
transformers model PGT2526C, manufactured and distrib 
uted by Murata. 

[0021] In some preferred, non restrictive embodiments of 
the invention it is possible to use a piloting apparatus for the 
PT1, PT2, PTN, PT2N pieZoelectric transformers With 
series-connected inductors LS, since ?rst a convenient mea 
surement of the inductor LS provides ideal sWitching (soft 
sWitching) and then, as the voltage Wave form applied to the 
transformers PT1, PT2, PTN, PT2N is practically sinusoidal, 
it is possible to eliminate current peaks and the losses and 
troubles associated thereWith, Which Would be caused by 
series-connecting the inductor LS. 

[0022] The illustrated piloting stage is based on the control 
of the MOSFET transistors S1, S2, S3, S4, Which is provided 
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by simultaneously piloting the pairs on the diagonals of the 
H-bridge (i.e., according to the sequence 51-53, 52-54) and 
by employing an integrated circuit and a pulse transformer 
With ?ve Windings. 

[0023] The frequency of the generated square Wave is 
?xed and it corresponds to the frequency Which maximizes 
the output voltage of the pieZoelectric transformers PT1, 
PT2, PTN, PT2N (and, therefore, it corresponds approxi 
mately to the resonance frequency); hoWever, since all the 
parallel-connected transformers PT1, PT2, PTN, PT2N must 
be fed simultaneously, due to the parameter scattering it is 
not possible to determine an optimum frequency value for 
all of them and, therefore, the ?nal embodiment includes a 
device producing a limited frequency deviation of the square 
Wave to minimiZe this problem. 

[0024] The feeding of the H-bridge is dual and is provided 
by VDC generators in order not to apply continuous voltage 
components to the transformers PT1, PT2, PTN, PT2N. 

[0025] Practically, the described feeding system employs 
tWo half-bridge inverters, schematically indicated With HBI 
in FIG. 1, the phases of Which are rotated through 180° With 
respect to each other. 

[0026] Relative to prior art, such an arrangement has many 
advantages, including the fact that pieZoelectric transform 
ers, Which are more commonly and easily available than 
magnetic transformers (Which also have large dimensions 
and extremely higher costs), have a poWer dissipation Which 
is loWer than 5 Watts and can be used With single-ended 
outputs. 

[0027] On the other hand, single-ended piloting does not 
provide optimum light emission, especially at loW current 
levels, due to the stray capacities C Which increase the 
current provided to the lamp L1, LN, said increase depend 
ing on the current length (as a matter of fact, maximum 
lighting poWer is achieved adjacent to the high-voltage 
terminal of the lamp L1, LN, Whereas said poWer decreases 
adjacent to the terminal connected to the ground T); thus it 
is natural to take into consideration the use of tWo pieZo 
electric transformers PT1, PT2, PTN, PT2N for each lamp 
L1, LN to pilot each lamp L1, LN symmetrically and to 
achieve a substantially homogeneous light emission, per 
mitting to pilot high-poWer lamps L1, LN With the same 
feeding. 

[0028] The inductance value of the coupling inductors LS 
(Which depends on the number of pieZoelectric transformers 
in the pilot circuit and, consequently, on the number of 
piloted ?uorescent lamps L1, LN) is optimiZed on the basis 
of the input impedance of each transformer PT1, PT2, PTN, 
PT2N and it provides a positive impedance phase in a 
sufficiently Wide frequency range around the natural reso 
nance frequency of the transformer, so that the sWitching 
operations are substantially gradual (soft-sWitching) at least 
at the rated value of output poWer. 

[0029] Finally, unlike the dimming technique, Which is 
based on the frequency variation and is usually employed in 
pieZoelectric transformers, to maximiZe both the ef?ciency 
and the uniformity of the light emitted by the lamps L1, LN, 
in this case the operator acts only on the continuous voltage 
for feeding the H-bridge by means of a presetting stage 
Which also guarantees the correct system operation Within 
the Whole feeding range (12-24 Volts With direct current). 
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[0030] FIG. 2 shoWs a ?rst block diagram of the poWer 
supply system utiliZing the pilot circuit of FIG. 1, clearly 
shoWing the DC/AC converter stage indicated With FBS and 
formed by the H-bridge of FIG. 1, the presetting stage FC 
(DC/DC converter) and a feedback ring F With a controller 
IC for the dimming function. 

[0031] In the diagram of FIG. 2 the brightness control 
(dimming) is performed indirectly by means of the control 
module SDM, by feedbacking a signal Which is directly 
proportional to the brightness of the lamps L1, LN, by 
providing each ?uorescent lamp L1, LN With a sensor or 
photoresistor PR and combining the signals of the sensors 
PR by means of a controller consisting, for example, of a 
multiplexer (indicated With M in FIG. 3). 

[0032] The inverter of the converter FBS can be piloted by 
a 12 or 24 Volt DC single input feeding voltage (VIN), so 
that the inverter can continue to Work also When one or more 

lamps L1, LN are damaged, since said inverter permits to 
pilot the single lamps L1, LN differentially. 

[0033] Speci?cally, in FIG. 2 each lamp L1 is piloted 
differentially by a pair of pieZoelectric transformers PT1, 
PT2 (the pairs of transformers PT1, PT2 are parallel con 
nected With each other) to Which tWo opposite sinusoidal 
signals SG1, SG2 are sent, said sinusoidal signals being 
produced by the converter FBS Which, in this case, is 
provided as shoWn in FIG. 1, i.e. With four diagonally 
piloted MOSFET devices S1-S4 (full bridge sWitching con 
verter). This Way, the pairs of transformers PT1, PT2 operate 
independently from each other to light the lamps L1, LN 
even When one or more of such lamps L1, LN is damaged 
or malfunctioning. 

[0034] According to the circuit of FIG. 2, Which is opti 
miZed for 15 inches (7 lamps) monitors, but can easily be 
applied to large monitors, the brightness control of the lamps 
L1, LN is based upon controlling a continuous voltage by 
means of a ?yback CC/CC converter of the presetting stage 
FC, said converter being voltage controlled at a sampling 
frequency of 200 kHZ, Whereas the feedback signal F is 
naturally optical, since it is draWn from lamp L1, LN to 
obtain information about the poWer of the average lighting 
emitted by the screen (Which is the variable to be regulated). 

[0035] Further, a self-diagnostic system is used Which 
permits to detect the malfunctioning lamps L1, LN of the 
screen. 

[0036] The peculiarities of the control system of FIG. 2, 
shoWn in more detail in the block diagram of FIG. 3, can be 
summariZed as folloWs: 

[0037] direct control of the screen brightness, inde 
pendently from other factors, eg temperature, 
aging, etc.; 

[0038] sturdiness against the failures of some lamps 
of the screen (due to the combination of the signals 
entering the multiplexer M, Which is controlled by 
the clock signal CK); 

[0039] possible detection of the failure of one or 
more lamps, by monitoring the signal F from the 
multiplexer M, upstream the loW-pass ?lter PB; 

[0040] possible acceptance of feeding voltages 
Within a Wide range of values (for the presence of the 
?yback presetting stage FC); 
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[0041] possible limitation of the maximum current in 
the lamps L1, LN by limiting the output voltage 
VCC of the ?yback presetting stage FC. 

[0042] From the block diagram of FIG. 3 it can also be 
seen that the integrated circuits are fed directly by the input 
voltage VIN by means of a linear voltage stabiliZer LR; as 
a matter of fact, unlike What is usually done, it is not possible 
to have voltage stabiliZed by the same ?yback presetting 
stage FC (for eXample With an auXiliary Winding in the 
transformer), since the output voltage can vary according to 
the dimming of the lamps L1, LN. 

[0043] AnyWay, the use of the linear regulator LR is 
acceptable When considering that the poWer needed to feed 
only the integrated circuits of the control system SDM is 
negligible and, therefore, this does not prejudice consider 
ably the overall system efficiency. 

[0044] In some preferred, non restrictive embodiments of 
the invention for the H-bridge a common integrated circuit 
UC3525 can be used, the output drivers of Which are also 
suitable for piloting pulse transformers; the integrated circuit 
UC3525 also includes an oscillator and the circuits for 
inserting the dead times on the commands of the MOSFET 
transistors S1-S4 (FIG. 1), Which are essential in any 
half-bridge and/or full-bridge application. 
[0045] The frequency of the square Wave generated by the 
H-bridge is normally set around the resonance frequency of 
the transformers PT1, PT2, PTN, PT2N for maximum 
efficiency, Whereas the inductors LS must be measured once 
the parameters of the transformers PT1, PT2, PTN, PT2N 
are knoWn, to provide soft-sWitching. 

[0046] Alternatively, a feeding system can be used, the 
block diagram of Which is illustrated in FIG. 4. 

[0047] In this case, instead of using tWo single-ended 
pieZoelectric transformers PT1, PT2, PTN, PT2N for each 
lamp L1, LN, a single balanced transformer PT is used for 
each lamp L, by employing, in the regulating block, a 
half-bridge DC/AC converter (instead of the full-bridge 
converter FBS), indicated With HBS in FIG. 4, and a SEPIC 
DC/DC converter, indicated With SC in FIG. 4, Which 
operates Within the Whole range of 12-24 Volt input volt 
ages, Without any particular regulation. 

[0048] Therefore, each lamp is differentially piloted by a 
single balanced pieZoelectric transformer PT and each 
pieZoelectric transformer PT (all of them being parallel 
connected With each other) receives at the input a continuous 
voltage (signal indicated With SG4) Which is a half (VCC/2) 
of the continuous voltage VCC on an input pin, and a single 
sinusoidal signal (signal indicated With SG3) on the other 
input pin, said sinusoidal signal being provided by the 
half-bridge converter HBS (With 2 MOSFET transistors). 

[0049] Also in this case the feedback control is performed 
by the photoresistor PR and no ballast capacitive circuit is 
requested to operate the system, as in prior art feeding 
systems; moreover, the inverter can receive a 12 or 24 Volt 
(direct current) input feeding voltage and each pieZoelectric 
transformer PT Works independently from the other, in that, 
When one or more lamps are damaged, all other transformers 
PT (parallel connected one to each other) continue to Work. 

[0050] This circuit topology is a good compromise 
betWeen the need to reduce the overall dimensions and to 
keep the necessary circuit precautions to reduce failures. 
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[0051] From a construction point of vieW, both in the 
circuit of FIG. 2 and in the circuit of FIG. 4, all transformers 
PT and the connectors thereof may be set up on one printed 
circuit board to be positioned along the monitor side Where 
the lamps L are placed, to reduce the distance betWeen the 
connectors of the lamps L and the transformers PT (or the 
pairs of transformers), Without using multiple connectors 
and further Wiring harness betWeen one transformer and 
another (or betWeen one couple of transformers and another) 
and reducing the stray capacities and, consequently, the 
poWer losses caused by high frequencies and voltages. 

[0052] Brightness is controlled by regulating the dual 
feeding voltage (+VCC, —VCC) of the full bridge converters 
FBS (single-ended pieZoelectric transformers) or the volt 
ages +VCC, VCC/2 of the half-bridge converters HBS (With 
balanced pieZoelectric transformers); the reliability and effi 
ciency of the circuit are thus optimiZed in that the trans 
formers PT operate at a predetermined frequency (i.e., the 
resonance frequency of each transformer) and, therefore, the 
input voltage of each single transformer (When said voltage 
can be limited at safety levels) can be controlled accurately. 

[0053] As shoWn in detail in the draWings, also in the 
circuit diagram of FIG. 4 the feedback control is provided 
through a plurality of photoresistors PR Which stabiliZe the 
system by measuring the brightness of each lamp L; this 
feedback loop, Which has the brightness of the lamps L as an 
input signal, provides accurate brightness stability of the 
monitor, independently of eXternal factors, eg temperature 
variations, lamp aging, etc.; moreover, also in this case a 
self-diagnostic system can be used to single out the mal 
functioning and/or damaged lamps L. 

[0054] The time variations of the magnitudes relating to 
the inverter, illustrated in the diagram of FIG. 5, derive from 
some measurements carried out on a prototype of the poWer 
supply system for a monitor having ?ve lamps L, With 
design values of the inductors and output voltage of 12 Volts 
for feeding the full-bridge inverter (circuit of FIG. 2); in 
particular, FIG. 5 shoWs the time variations of the output 
voltage from the inverter, indicated With VU in the diagram, 
the output current from the inverter, indicated With IU, and 
the input voltage to the pieZoelectric transformers PT, indi 
cated With VI. 

[0055] The characteristics of the poWer supply system for 
liquid crystal monitors of the present invention, as Well the 
advantages thereof, Will become apparent from the above 
description, said characteristics and advantages including in 
particular: 

[0056] reduced overall dimensions of the circuit rela 
tive to prior art; 

[0057] reduced number of utiliZed electronic compo 
nents, thus subsequently increasing the system reli 
ability, safety and quality; 

[0058] reduced production and operating costs rela 
tive to prior art; 

[0059] better ef?ciency; 
[0060] reduced emission of electromagnetic radia 

tions, Which are noxious to the user; 

[0061] possible feeding of the circuit With direct 
current voltages from 12 to 24 Volts, Without any 
need to use any kind of regulator; 
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[0062] elimination of the brightness defects (the 
brightness intensity typically decays after the ?rst 
hundreds of Working hours on the basis of the 
Working temperature) inherent in the construction of 
cold cathode ?uorescent lamps CCFL and EEFL); 

[0063] possibility of piloting the poWer drive circuit 
from remotely; 

[0064] 
[0065] 

[0066] Finally, it is clear that several variations can be 
made to the poWer supply system of the invention, Without 
thereby departing from the scope of the invention, and that, 
When practically carrying out the invention, the materials, 
shapes and dimensions of the illustrated details can vary 
according to the user’s needs and be changed With other 
technically equivalent ones. 

easy achievement of diagnostic circuits; 

monitor uniform lighting. 

1. A poWer supply system for liquid crystal monitors, 
characteriZed in that it includes at least a ?rst DC/AC 
converter (FBS, HBS) operating at predetermined frequency 
and duty-cycles and being fed by at least a second DC/DC 
converter (FC, SC) Which regulates the circuit voltage to 
feed a plurality of ?uorescent lamps (L, L1, LN) in the 
monitor through a Wiring harness Which transmits at least an 
output sinusoidal signal (SG1, SG2, SG3) from said ?rst 
DC/AC converter (FBS, HBS) to the primary Windings of a 
plurality of parallel connected pieZoelectric transformers 
(PT, PT1, PT2, PTN, PT2N) Which are connected With the 
?uorescent lamps (L, L1, LN). 

2. ApoWer supply system as claimed in claim 1, charac 
teriZed in that each ?uorescent lamp (L, L1, LN) of the 
monitor is connected at least With a pieZoelectric trans 
former (PT1, PT2; PTN, PT2N; PT), Wherein the primary 
Windings of said transformers (PT1, PT2; PTN, PT2N; PT) 
are series or parallel connected one With another and are 
connected With series-connected inductors (LS). 

3. ApoWer supply system as claimed in claim 1, charac 
teriZed in that said ?rst converter (FBS) includes at least a 
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piloting stage Which is based on the control of pairs of 
MOSFET transistors (S1, S2, S3, S4), on the diagonals of a 
dually fed H-bridge, through direct current generators 
(VDC). 

4. ApoWer supply system as claimed in claim 1, charac 
teriZed in that said ?rst converter (FBS) employs tWo 
half-bridge inverters (HBI), the phases of Which are rotated 
through 1800 With respect to each other. 

5. ApoWer supply system as claimed in claim 1, charac 
teriZed in that it includes a feedback circuit having a 
controller (IC) for controlling the brightness emitted by the 
?uorescent lamps (L, L1, LN), said brightness control being 
performed by feedbacking a signal Which is directly pro 
portional to the brightness of said lamps (L, L1, LN), said 
signal being provided by at least a sensor (PR) associated 
With each lamp (L, L1, LN), the signals provided by said 
sensors (PR) being combined together by means of a con 
troller 

6. ApoWer supply system as claimed in claim 2, charac 
teriZed in that each ?uorescent lamp (L1, LN) is piloted 
differentially by a pair of pieZoelectric transformers (PT1, 
PT2), said pairs of transformers (PT1, PT2) being parallel 
connected With each other. 

7. ApoWer supply system as claimed in claim 6, charac 
teriZed in that said second DC/DC converter (FC) control 
ling a continuous input voltage (VIN) consists of a ?yback 
converter Which is voltage controlled at a predetermined 
sampling frequency. 

8. ApoWer supply system as claimed in claim 2, charac 
teriZed in that each ?uorescent lamp (L) is connected With a 
single balanced transformer (PT) and said ?rst converter 
(HBS) is a half-bridge converter. 

9. ApoWer supply system as claimed in claim 8, charac 
teriZed in that said second DC/DC converter (SC) is a SEPIC 
converter Which operates Within the Whole range of input 
voltages (VIN). 


